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(57) A vital-information obtaining apparatus includ- 
ing a cuff (12) to be worn on a predetermined portion 
(14) of a living subject, a cuff-pressure control device 
(50) operable to control an inflation pressure of the cuff, 
a cuff-pulse-wave detecting device (28) operable to de- 
tect a cuff pulse wave which is a pressure pulsation 
transmitted from the living subject to the cuff; and a vital- 
information determining device (52, 54) operable while 
an inflation pressure (PC) of the cuff is held at a value 
(PCh) higher than a systolic blood pressure of the sub- 
ject under the control of the cuff-pressure control device, 
and wherein the vital-information determining means 
determines vital information of the subject, on the basis 
of a notch (n) of the cuff pulse wave detected by the cuff- 
pulse-wave detecting device. 
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Description 

[0001] This application is based on Japanese Patent 
Application No. 2002-301 407 filed on October 1 6, 2002, 
the contents of which are incorporated hereinto by ref- 
erence. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0002] The present invention relates to a vital-infor- 
mation obtaining apparatus operable to obtain vital or 
physical information of a living subject or being, on the 
basis of notches of a pulse wave of a cuff. 

Discussion of Related Art 

[0003] A blood pressure measuring apparatus using 
a cuff is widely used, and there have been proposed var- 
ious types of an apparatus arranged to obtain vital or 
physical information on a living subject or being, in ad- 
dition to the blood pressure, by using a cuff pulse wave 
which is obtained from the cuff. For example, JP-A- 
2001-346769 describes, on page 10, column 17, lines 
3-13, an apparatus arranged to determine a pulse peri- 
od or a pulse rate from a length of time between prede- 
termined points on the cuff pulse wave, such as a point 
of a rise and a peak of the wave. J P-B1 -3027750 de- 
scribes, on page 6, column 12, lines 6-28, another type 
of conventional apparatus, which is arranged to obtain, 
in addition to a heartbeat-synchronous signal in theform 
of the cuff pulse wave, another heartbeat-synchronous 
signal at a portion of the living subject distant from a 
portion on which the cuff is placed. This type of appara- 
tus obtains pulse-wave-propagating-velocity informa- 
tion relating to a velocity of propagation of the pulse 
wave through the body of the living subject, such as a 
pulse-wave propagating velocity and a pulse-wave 
propagating time. 

[0004] In the apparatuses disclosed in the above- 
identified two documents, the cuff pulse wave used to 
obtain the vital information of the living subject is detect- 
ed when the inflation pressure of the cuff is lower than 
the diastolic or minimal blood pressure, in view of a fact 
that when the cuff inflation pressure is higher than the 
diastolic blood pressure, the waveform of the cuff pulse 
wave tends to be distorted and cannot be accurately de- 
tected. 

[0005] However, the cuff pulse wave detected when 
the cuff inflation pressure is lower than the diastolic 
blood pressure suffers from indefiniteness in its high- 
frequency component. The high-frequency component 
of the pulse wave includes notches, for example. If the 
notches are used to obtain the vital information such as 
the pulse-wave propagating velocity, the obtained vital 
information does not have a sufficiently high degree of 
reliability. 



SUMMARY OF THE INVENTION 

[0006] The present invention was made in the light of 
the background art discussed above. It is therefore an 
5 object of the present invention to provide a vital-infor- 
mation obtaining apparatus which is capable of accu- 
rately detecting the notches of the pulse wave of the cuff, 
for obtaining highly reliable vital information of a living 
subject on the basis of the detected notches. 
10 [0007] As a result of extensive studies, the present 
inventor has found that a cuff pulse wave detected when 
the cuff inflation pressure is equal to or higher than the 
systolic blood pressure of the living subject is clearer or 
more definite in its high-frequency component than a 
15 cuff pulse wave detected when the cuff inflation pres- 
sure is lowerthan the diastolic blood pressure, although 
the former cuff pulse wave is distorted in its low-frequen- 
cy component due to the relatively high cuff inflation 
pressure. Namely, the present inventor has found that 
20 the notches included in the high-frequency component 
can be more accurately detected when the cuff pulse 
wave is detected when the cuff inflation pressure is 
equal to or higherthan the systolic blood pressure, than 
when the cuff pulse wave is detected when the cuff in- 
25 flation pressure is lower than the diastolic blood pres- 
sure. The present invention was made on the basis of 
this finding. 

[0008] The above object may be achieved according 
to the principle of this invention, which provides a vital- 
30 information obtaining apparatus comprising: 

a cuff to be worn on a predetermined portion of a 
living subject; 

a cuff-pressure control device operable to control 
35 an inflation pressure of the cuff; 

a cuff-pulse-wave detecting device operable to de- 
tect a cuff pulse wave which is a pressure pulsation 
transmitted from the living subject to the cuff; and 
vital-information determining means operable while 
40 an inflation pressure of the cuff is held at a value 
higher than a systolic blood pressure of the living 
subject under the control of the cuff-pressure con- 
trol device, the vital-information determining means 
determining vital information of the living subject, on 
45 the basis of a notch of the cuff pulse wave detected 
by the cuff-pulse-wave detecting device. 

[0009] In the vital-information obtaining apparatus of 
the present invention constructed as described above, 

50 the notch of the cuff pulse wave detected by the cuff- 
pulse-wave detecting device while the inflation pressure 
of the cuff is held at the value higher than the systolic 
pressure under the control of the cuff-pressure control 
means can be clearly detected, and the vital or physical 

55 information on the living subject can exactly obtained by 
the vital-information determining means or device, on 
the basis of the thus detected notch. 
[001 0] According to a first preferred form of the vital- 
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information obtaining apparatus of the present inven- 
tion, the vital-information determining means or device 
determines, as the vital information, an ejection time of 
a heart of the living subject, on the basis of a time dif- 
ference between moments at which a rise point and the 
notch appear in the cuff pulse wave. 
[0011] According to a second preferred form of the in- 
vention, the vital-information obtaining apparatus fur- 
ther comprises a heartbeat-synchronous-signal detect- 
ing device to be worn on a portion of the living subject 
which is not located downstream of the cuff, the heart- 
beat-synchronous-signal detecting device being opera- 
ble to detect a heartbeat-synchronous signal which is 
generated by said living subject and which is synchro- 
nized with a heartbeat of the living subject, and wherein 
the vital-information determining means is operable to 
determine, as the vital information, pulse-wave propa- 
gating-velocity information relating to a velocity of prop- 
agation of a pulse wave through the living subject, on 
the basis of the notch of the cuff pulse wave detected 
by the cuff-pulse-wave detecting device while the infla- 
tion pressure of the cuff is held at the value higher than 
the systolic blood pressure of the living subject under 
the control of the cuff-pressure control device, and on 
the basis of a portion of the heartbeat-synchronous sig- 
nal detected by the heartbeat-synchronous-signal de- 
tecting device when the cuff pulse wave is detected, the 
above-indicated portion of the heartbeat-synchronous 
signal corresponding to the notch of the cuff pulse wave. 
[0012] According to one advantageous arrangement 
of the second preferred form of the invention, the heart- 
beat-synchronous-signal detecting device includes a 
heart-sound microphone operable to detect a moment 
of initiation of generation of a second heart sound of the 
living subject, on the basis of a heart-sound wave rep- 
resented by the heartbeat-synchronous signal, and the 
vital-information determining means includes pulse- 
wave-propagating-velocity calculating means for calcu- 
lating a pulse-wave propagating time between the mo- 
ment of initiation of generation of the second heart 
sound detected by the heart-sound microphone, and a 
moment of generation of the notch of the cuff pulse wave 
detected by the cuff-pulse-wave detecting device. 
[001 3] I n the above-indicated advantageous arrange- 
ment, the pulse-wave-propagating-velocity calculating 
means may be arranged to calculate a propagating dis- 
tance on the basis of a known height T of the living sub- 
ject, and the velocity of propagation of the pulse wave 
through the living subject, on the basis of the propagat- 
ing distance and the pulse-wave propagating time. 
[0014] Where the pulse-wave-propagating-velocity 
calculating means is arranged to calculate the velocity 
of propagation of the pulse wave, as described above, 
the vital-information obtaining apparatus may further 
comprise an input device through which a signal indic- 
ative of the known height of the living subject is applied 
to the pulse-wave-propagating-velocity calculating 
means. 



[0015] According to a third preferred form of the vital- 
information obtaining apparatus, the vital-information 
determining means determines the vital information on 
the basis of the notch of the cuff pulse wave while the 
5 inflation pressure of the cuff is held at a blood-flow shut- 
off pressure value at which no blood flow is present 
through the predetermined portion of the living subject 
on which said cuff is worn. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

[001 6] The above and other objects, features, advan- 
tages and technical and industrial significance of the 
present invention will be better understood by reading 
15 the following detailed description of a presently pre- 
ferred embodiment of the invention, when considered in 
connection with the accompanying drawings, in which: 

Fig. 1 is a block diagram showing a circuit arrange- 
20 ment of a vital-information obtaining apparatus con- 
structed according to one embodiment of the 
present invention; 

Fig. 2 is a functional block diagram for explaining 
majorf unctional portions of an electronic control de- 
25 vice of the vital-information obtaining apparatus of 
Fig. 1; 

Fig. 3 is a view indicating a cuff pulse wave detected 
when a cuff pressure PC is set to be equal to a 
blood-flow-shut-off pressure value PCh (cuff pulse 

30 wave detected at high cuff pressure), together with 
a cuff pulse wave detected when the cuff pressure 
value PC is set to be equal to or lower than the di- 
astolic blood pressure (cuff pulse wave detected at 
low cuff pressure); and 

35 Fig. 4 is a flow chart illustrating a portion of a control 
operation of a CPU shown in the functional block 
diagram of Fig. 2. 

DETAILED DESCRIPTION OF THE PREFERRED 
40 EMBODIMENT 

[0017] Referring to the drawings, there will be de- 
scribed in detail a preferred embodiment of this inven- 
tion. The blockdiagram of Fig. 1 shows a circuit arrange- 
45 ment of a vital-information obtaining apparatus 1 0 con- 
structed according to one embodiment of the present 
invention. 

[0018] The vital-information obtaining apparatus 10 
includes a cuff 1 2 which has a rubber bag accommodat- 

50 ed in an elongate fabric bag. The cuff 1 2 is arranged to 
be wound or worn on an upper arm (brachium) 1 4 of a 
living subject. To this cuff 12, there are connected a 
pressure sensor 16 and a pressure regulating valve 18 
through a conduit 20. The pressure regulating valve 1 8 

55 is connected to an air pump 24 through a conduit 22. 
The pressure regulating valve 1 8 is provided to regulate 
the pressure of an air pressurized by the air pump 24 
and apply the thus regulated air pressure to the cut 12, 
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and to permit the pressurized air to be discharged from 
the cuff 1 2, for thereby regulating the air pressure in the 
cuff 12, that is, an inflation pressure of the cuff 12. 
[0019] The pressure sensor 1 6 is arranged to detect 
the air pressure in the cuff 1 2, and apply a pressure sig- 
nal SP indicative of the detected air pressure to a static- 
pressure discriminating circuit 26 and a pulse-wave dis- 
criminating circuit 28. The static-pressure discriminating 
circuit 26 includes a low-pass filter and obtains a cuff- 
pressure signal SC indicative of a steady pressure com- 
ponent included in the pressure signal SP, that is, an 
inflation pressure of the cuff 12 (hereinafter referred to 
as "cuff pressure PC"). The cuff-pressure signal SC is 
applied to an electronic control device 32 through an N 
D converter 30. The pulse-wave discriminating circuit 28 
includes a band-pass filter operable to transmit a signal 
within a predetermined frequency band, for instance, 
within a frequency band between about 1 Hz and about 
30Hz, for obtaining a cuff -pulse-wave signal SM indica- 
tive of an oscillating component of the pressure signal 
SP. The cuff-pulse-wave signal SM is applied to the 
electronic control device 32 through an A/D converter 
34. This cuff-pulse-wave signal SM represents a pres- 
sure pulsation transmitted from an arterial vessel of the 
subject to the cuff 12, that is, a pulse wave of the cuff 
12 (hereinafter referred to as "cuff pulse wave"). Thus, 
the pulse-wave discriminating circuit 28 functions as a 
cuff-pulse-wave detecting device operable to detect the 
cuff pulse wave. In the present embodiment, the arterial 
vessel indicated above is the arterial vessel of one of 
the upper arms (brachia) of the subject, and the cuff 
pulse wave represents a pulse wave of the arterial ves- 
sel of the upper arm. 

[0020] The present vital-information obtaining device 
1 0 further includes a heart-sound microphone 36, which 
functions as a heartbeat-synchronous-signal detecting 
device. The heart-sound microphone 36 is fixed on the 
chest (thoracic region) of the subject (not shown), with 
an adhesive tape, for instance. The heart-sound micro- 
phone 36 incorporates a piezoelectric element operable 
to convert a heart sound (cardinal sound) generated by 
the heart of the subject, into an electric signal, that is. a 
heartbeat-synchronous signal in the form of a heart- 
sound signal SH synchronized with the heartbeat of the 
subject. The heart-sound microphone 36 is connected 
to a heart-sound signal amplifier 38, which is provided 
with four kinds of filters (not shown) operable to amplify 
a high-pitch component of the heart sound while atten- 
uating a low-pitch component of the heart sound which 
has a relatively large energy. The heart-sound signal 
amplifier 38 receives the heart-sound signal SH, and 
performs amplifying and filtering operations to process 
the received heart-sound signal SH. An output of the 
heart-sound signal amplifier 38 is applied to the elec- 
tronic control device 32 through an A/D converter (not 
shown). 

[0021] The vital-information obtaining apparatus 10 
further includes an input device 40, which is provided 



with a keyboard (not shown) through which a height T 
of the subject is entered. A height signal ST indicative 
of the entered height T of the subject is applied to the 
electronic control device 32. 
5 [0022] The electronic control device 32 is constituted 
by a so-called microcomputer incorporating a CPU (cen- 
tral processing unit) 42, a ROM (read-only memory) 44, 
a RAM (random-access memory) 46, and an I/O (input/ 
output) port (not shown). The CPU 42 operates accord- 
ing to control programs stored in the ROM 44 while uti- 
lizing a data storage function of the RAM 46, to perform 
signal processing operations and apply drive signals to 
the air pump 24 and the pressure regulating valve 18 
through the I/O port, for controlling the air pump 24 and 
the pressure regulating valve 18, so as to control the 
cuff pressure PC. The CPU 42 performs other functions 
illustrated in detail in the functional block diagram of Fig. 
2, to calculate an ejection time ET and a pulse-wave 
propagating velocity PWV, and to control a display 48. 
[0023] Referring to the functional block diagram of 
Fig. 2, there are illustrated major functional portions of 
the electronic control device 32 in the vital-information 
obtaining apparatus 10. 

[0024] The electronic control device 50 incorporates 
a cuff-pressure control means or portion 50, an ejection- 
time calculating means or device 52, and a pulse-wave- 
propagating-velocity calculating means or device 54. 
The cuff-pressure control means 50 is arranged to de- 
termine the cuff pressure PC on the basis of the cuff- 
pressure signal SC received from the static-pressure 
discriminating circuit 26, and controls the pressure reg- 
ulating valve 1 8 and the air pump 24, to control the cuff 
pressure PC to a predetermined blood-flow shut-off 
pressure value PCh (e.g., 180mmHg) which is higher 
than the systolic pressure of the subject. In the present 
vital-information obtaining apparatus 10, the static- 
pressure discriminating circuit 26, pressure regulating 
valve 18, air pump 24 and cuff-pressure control means 
or portion 50 cooperate to constitute a cuff-pressure 
control device. 

[0025] The ejection-time calculating means or device 
52, which functions as a part of vital-information deter- 
mining means or device, is operable while the cuff pres- 
sure PC is held at the predetermined blood-flow shut- 
off pressure value PCh under the control of the cuff- 
pressure control device 50. In this condition, the ejec- 
tion-time calculating means 52 calculates a time differ- 
ence or length between a moment of detection of a rise 
point "s" of the cuff pulse wave represented by the cuff- 
pulse-wave signal SM generated from the pulse-wave 
discriminating circuit 28, and a moment of detection of 
a notch "n" of the cuff pulse wave. The ejection-time cal- 
culating means 52 calculates the above-indicated time 
difference or length, as an ejection time ET of the heart 
of the subject, and controls the display device 48 so as 
to indicate the calculated ejection time ET. The ejection 
time ET is a length of time from a moment at which ejec- 
tion of the blood from the left ventricle of the heart is 
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initiated with the aortic valve in its open state, to a mo- 
ment at which the aortic valve is closed. The rise point 
"s" appears at the moment of initiation of the blood ejec- 
tion upon opening of the aortic valve, whilethe notch "n" 
appears at the moment of closure of the aortic valve. 
Therefore, the length of time between the moments of 
detection of the rise point "s" and the notch "n" repre- 
sents the ejection time (left ventricular ejection time) ET. 
[0026] There will next be described the cuff pulse 
wave as detected while the cuff pressure PC is held at 
the blood-flow shut-off pressure value PCh. Fig. 3 is a 
view indicating a cuff pulse wave detected when the cuff 
pressure PC is set to be equal to the blood -flow-shut-off 
pressure value PCh (cuff pulse wave detected at high 
cuff pressure), together with a comparative cuff pulse 
wave detected when the cuff pressure PC is set to be 
equal to or lower than the diastolic blood pressure (cuff 
pulse wave detected at low cuff pressure) as in the prior 
art. When the cuff pressure PC is held at the blood-flow 
shut-off pressure value PCh, no blood flow is present 
under the cuff 12. The cuff pulse wave at the high cuff 
pressure equal to the blood-blow shut-off pressure val- 
ue PCh represents a pulsation which is generated at a 
portion of the upper arm 1 4 upstream of the cuff 1 2 and 
which is transmitted to the upstream end of the cuff 12. 
Accordingly, the cuff pulse wave at the high cuff pres- 
sure has a smaller magnitude as a whole, than the cuff 
pulse wave at the low cuff pressure not higher than the 
diastolic blood pressure, but has two peaks that can be 
clearly detected. These two peaks correspond to a per- 
cussion wave "pw" and a tidal wave "tw". While the per- 
cussion wave "pw" and the tidal wave "tw" cannot be 
clearly discriminated in the cuff pulse wave at the low 
cuff pressure, the high-frequency component including 
those percussion wave "pw" and tidal wave "tw" can be 
detected more clearly and prominently in the cuff pulse 
wave at the high cuff pressure, than the low-frequency 
component. On the other hand, the notch "n" appears 
between the tidal wave "tw" and the following dicrotic 
wave "dw", and can be detected as a first minimal point 
after the peak in the form of the tidal wave "tw". 
[0027] The pulse-wave-propagating-velocity calculat- 
ing means or device 54, which functions as a part of the 
vital-information determining means or device, is also 
operable while the cuff pressure PC is held at the blood- 
flow shut-off pressure value PCh under the control of 
the cuff-pressure control means 50. In this condition , the 
pulse-wave-propagating-velocity calculating means 54 
calculates a time difference or length (sec) between a 
moment at which a second heart sound is initially de- 
tected based on a heart-sound wave by the hear-sou nd 
microphone 36, and a moment at which the notch "n" of 
the cuff pulse wave is detected by the pulse-wave dis- 
criminating circuit 28. Like the notch "n", the second 
heart sound is generated due to closure of the aortic 
valve, so that the detected time difference indicated 
above represents a pulse-wave propagating time DT, 
which is a time duration of propagation of the pulse wave 



from the heart to a cuff-worn portion of the upper arm 
14 on which the cuff 12 is worn. 
[0028] The pulse-wave-propagating-velocity calculat- 
ing means 54 is further arranged to obtain a propagating 

5 distance L between the heart and the cuff -worn portion, 
on the basis of the height T of the subject received from 
the input device 40, and according to a predetermined 
equation (1) representative of a predetermined relation- 
ship between the height T and the propagating distance 

10 L. The pulse-wave-propagating-velocity calculating 
means 54 then calculates a pulse-wave-propagating ve- 
locity PWV (cm/sec) on the basis of the obtained prop- 
agating distance L and the pulse-wave-propagating 
time DT indicated above, and according to a predeter- 

15 mined equation (2). Thepulse-wave-propagating-veloc- 
ity calculating means 54 commands the display device 
48 to indicate the calculated pulse-wave-propagating 
velocity PWV. 

20 

(Equation 1) L = aT + b 

wherein "a" and "b" are experimentally determined 
constants. 

25 

(Equation 2) PWV = L/DT 

[0029] Referring to the flow chart of Fig. 4, there is 

30 illustrated a portion of a control operation of the CPU 42 
shown in the functional block diagram of Fig. 2. This por- 
tion of the control operation is initiated when a start 
pushbutton (not shown) is depressed afterthe electronic 
control device 32 has received the height signal ST from 

35 the input device 40. 

[0030] The control operation of Fig. 4 is initiated with 
step S1 in which the air pump 24 is started, and the pres- 
sure regulating valve 18 is controlled to control the cuff 
pressure PC to the predetermined blood-blow shut-off 

40 pressure value PCh, for example 1 80mmHg. 

[0031] The control flow then goes to step S2 to read 
in the cuff-pulse-wave signal SM from the pulse-wave 
discriminating circuit 28 and the heart-sound signal SH 
from the heart-sound microphone 36, for one pulse, 

45 while the cuff pressure PC is held at the blood-flow shut- 
off pressure value PCh. Afterthe cuff-pulse-wave signal 
SM and the heart-sound signal SH have been read in, 
step S3 is implemented to lower the cuff pressure PC to 
the atmospheric pressure. It will be understood that a 

50 portion of the CPU 42 assigned to implement steps S1 
and S3 in Fig. 4 corresponds to the cuff-pressure control 
means or portion 50. 

[0032] Step S4 is then implemented to determine the 
moments at which the rise point "s" and the notch "n" 
55 are generated in the cuff pulse wave represented by the 
cuff-pulse-wave signal SM read in step S2. Step S4 is 
followed by step S5to calculate, as the ejection time ET 
the time difference between the determined moments 
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of generation of the rise point "s" and the notch "n". The 
calculated ejection time ET is displayed on the display 
device 48. It will be understood that a portion of the CPU 
42 assigned to implement steps S4 and S5 in Fig. 4 cor- 
responds to the ejection-time calculating means or de- 
vice 54. 

[0033] Step S6 is then implemented to determine a 
moment of initiation of generation of the second heart 
sound of the living subject, on the basis of the heart- 
sound wave represented by the heart-sound signal SH 
read in step S2. Then, the control flow goes to step S7 
to calculate the pulse-wave propagating time DT, which 
is the time difference between the moment of initiation 
of generation of the second heart sound determined in 
step S6, and the moment of generation of the notch "n" 
determined in step S4. 

[0034] The control flow then goes to step S8 to calcu- 
late the propagating distance L on the basis of the height 
T of the subject represented by the already received 
height signal ST, and according to the above-indicated 
equation (1), and then goes to step S9 to calculate the 
pulse-wave propagating velocity PWV on the basis of 
the propagating distance L calculated in step S8 and the 
pulse-wave propagating time DT calculated in step S7, 
and according to the above-indicated equation (2), and 
to display the calculated pulse-wave propagating veloc- 
ity PWV on the display device 48. It will be understood 
that a portion of the CPU 42 assigned to implement 
steps S4 and S6-S9 corresponds to the pulse-wave- 
propagating-velocity calculating means or device 54. 
[0035] In the embodiment which has been described, 
the notch "n" of the cuff pulse wave obtained by the 
pulse-wave discriminating circuit 28 while the inflation 
pressure of the cuff 12 is held at the blood-flow shut-off 
pressure value PCh higher than the systolic pressure 
under the control of the cuff-pressure control means 50 
(steps S1 and S3) can be clearly detected, and the ejec- 
tion-time calculating means 52 (steps S4 and S5) and 
the pulse-wave-propagating-velocity calculating means 
54 (steps S4 and S6-S9) can exactly obtain the ejection 
time ET and the pulse-wave propagating velocity PWV, 
on the basis of the thus detected notch "n". 
[0036] While the preferred embodiment of this inven- 
tion has been described in detail by reference to the 
drawings, it is to be understood that the present inven- 
tion may be otherwise embodied. 
[0037] For instance, the blood pressure of the subject 
can be measured by using the cuff 12. In this instance, 
the blood-flow shut-off pressure value PCh may be de- 
termined on the basis of the systolic pressure of the sub- 
ject measured with the cuff 12. 

[0038] While the illustrated embodiment uses the 
heart-sound microphone 36 placed on the thoracic re- 
gion of the subject, as a heartbeat-synchronous-signal 
detecting device, the type of the heartbeat-synchro- 
nous-signal detecting device and the portion of the sub- 
ject on which this detecting device is placed are not lim- 
ited to those of the illustrated embodiment. Forexample, 



the heartbeat-synchronous-signal detecting device may 
be placed on a suitable portion (e.g., wrist) of one of the 
two arms on which the cuff 12 is not worn, and may be 
a pressure wave sensor (namely, a so-called "tonometry 
5 sensor") which is held in contact with the subject under 
a suitable pressure, or a device arranged to detect an 
electrocardiogram (ECG). 

[0039] It is further to be understood that various other 
changes may be made in the invention, without depart- 
10 ing from the spirit of the present invention. 



Claims 

15 1. A vital-information obtaining apparatus character- 
ized by comprising: 

a cuff (12) to be worn on a predetermined por- 
tion (14) of a living subject; 
20 a cuff-pressure control device (50) operable to 

control an inflation pressure of said cuff; 
a cuff-pulse-wave detecting device (28) opera- 
ble to detect a cuff pulse wave which is a pres- 
sure pulsation transmitted from the living sub- 
25 ject to said cuff; and 

vital-information determining means (52, 54) 
operable while an inflation pressure (PC) of 
said cuff is held at a value (PCh) higher than a 
systolic blood pressure of said living subject un- 
30 derthe control of said cuff-pressure control de- 

vice, said vital-information determining means 
determining vital information of said living sub- 
ject, on the basis of a notch (n) of said cuff pulse 
wave detected by said cuff-pulse-wave detect- 
35 ing device. 

2. A vital-information obtaining apparatus according to 
claim 1 , characterized in that said vital-information 
determining means (52, 54) determines, as said vi- 
40 tal information, an ejection time (ET) of a heart of 
the living subject, on the basis of a time difference 
between moments at which a rise point (s) and said 
notch (n) appear in said cuff pulse wave. 

45 3. Avital-information obtaining apparatus according to 
claim 1, characterized by further comprising a 
heartbeat-synchronous-signal detecting device 
(36) to be worn on a portion of said living subject 
which is not located downstream of said cuff, said 
50 heartbeat-synchronous-signal detecting device be- 
ing operable to detect a heartbeat-synchronous sig- 
nal (SH) which is generated by said living subject 
and which is synchronized with a heartbeat of the 
living subject, 

55 and wherein said vital-information determin- 

ing means (52, 54) is operable to determine, as said 
vital information, pulse-wave propagating-velocity 
information relating to a velocity of propagation of 
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a pulse wave through said living subject, on the ba- 
sis of said notch (n)of said cuff pulse wave detected 
by said cuff-pulse-wave detecting device (28) while 
said inflation pressure of said cuff is held at said val- 
ue (PCh) higher than the systolic blood pressure of 5 
said living subject under the control of said cuff- 
pressure control device, and on the basis of a por- 
tion of said heartbeat-synchronous signal detected 
by said heartbeat-synchronous-signal detecting de- 
vice when said cuff pulse wave is detected, said por- 10 
tion of said heartbeat-synchronous signal corre- 
sponding to said notch of said cuff pulse wave. 

4. A vita I -information obtaining apparatus according to 
claim 3, characterized in that said heartbeat-syn- 15 
chronous-signal detecting device includes a heart- 
sound microphone (36) operable to detect a mo- 
ment of initiation of generation of a second heart 
sound of the living subject, on the basis of a heart- 
sound wave represented by said heartbeat-syn- 20 
chronous signal (SH), and said vital-information de- 
termining means (52, 54) includes pulse-wave- 
propagating-velocity calculating means (54) for cal- 
culating a pulse-wave propagating time (DT) be- 
tween said moment of initiation of generation of said 25 
second heart sound detected by said heart-sound 
microphone, and a moment of generation of said 
notch (n) of said cuff pulse wave detected by said 
cuff-pulse-wave detecting device (28). 

30 

5. A vital-information obtaining apparatus according to 
claim 4, characterized in that said pulse-wave- 
propagating-velocity calculating means is operable 
to calculate a propagating distance (L) on the basis 

of a known height T of the living subject, and said 35 
velocity of propagation of said pulse wave through 
said living subject, on the basis of said propagating 
distance and said pulse-wave propagating time 
(DT). 

40 

6. A vital-information obtaining apparatus according to 
claim 5, characterized by further comprising an in- 
put device (40) through which a signal indicative of 
said known height (T) of the living subject is applied 

to said pulse-wave-propagating-velocity calculating 45 
means. 

7. A vital-information obtaining apparatus according to 
any one of claims 1-6, characterized in that said 
vital-information determining means determines 50 
said vital information on the basis of said notch (n) 

of said cuff pulse wave while said inflation pressure 
(PC) of said cuff (12) is held at a blood-flow shut-off 
pressure value (PCh) at which no blood flow is 
present through said predetermined portion of said 55 
living subject on which said cuff is worn. 
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